
r_

s

\

NASA TECHNICAL

MEMORANDUM
4

NASA 'I_MX'-5_261

_ MAY 14, 1965

• ,r = ":

,,o

GPO PRICE $

OTS PRICE(S) $

Hard copy (HC}_ C_-- _/17)

Microfiche (MF) __ •

l

. _ f

SOME PRACTICAL ACCURACY CONS IDERATIONS OF
SMOKE TRAIL WIND PROFILE DATA

by DENNIS _. CAMP AND JAMES R. SCOGGINS

Aero-Astrodynamics Laboratory

N65- 2_ 076
IE (ACCl¢ B 810N NUMBER)

NASA _ ,...E.,

(NASA CR OR TMX OR AD NUMBER)

George C. Marshall

Space Fight Center,

Hunts vi lle, .A labama

[THRU)

/

(CATEGORY]





TECHNICAL MEMORANDUMX-53261

SOME PRACTICAL ACCURACY CONSIDERATIONS OF SMOKE TRAIL WIND PROFILE DATA

By

Dennis W. Camp

and

James R. Scoggins

George C. Marshall Space Flight Center

Huntsville, Alabama

Wind velocity profiles measured simultaneously by the smoke trail/

photographic method by different camera pairs, and photographs reduced

twice for the same trail are analyzed to determine the relative accuracy

of the smoke trail wind data. Arithmetic means, standard deviations,

and extremes are given for the differences between five pairs of profiles.

Also presented are relative RMS errors in wind speeds, relative RMS errors

in shears over height increments of 25, 50, i00 and 200 meters, and maxi-

mum shear differences for each case. The computed RMS differences in

wind speeds are generally less than i meter per second, errors in wind

shear vary to approximately 60 percent of the values used in vehicle

design studies, and relative RMS errors in wind speeds range from approx-

imately 0.i to 0.7 meters per second. The sources of the errors are not

isolated. These errors will probably be reduced as more experience is

gained in data reduction and quality control procedures are improved. _-_
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TECHNICAL MEMORANDUM X- 53261

SOME PRACTICAL ACCURACY CONSIDERATIONS OF SMOKE TRAIL WIND PROFILE DATA

SUMMARY

Wind velocity profiles measured simultaneously by the smoke trail/

photographic method by different camera pairs and photographs reduced

twice for the same trail are analyzed to determine the relative accuracy

of the smoke trail wind data. Arithmetic means, standard deviations,

and extremes are given for the differences between five pairs of profiles.

Also presented are relative RMS errors in wind speeds, relative RMS errors

in shears over height increments of 25, 50, I00 and 200 meters, and maxi-

mum shear differences for each case. The computed RMS differences in wind

speeds are generally less than i meter per second, errors in wind shear

vary to approximately 60 percent of the values used in vehicle design

studies, and relative RMS errors in wind speeds range from approximately

0.I to 0.7 meters per second. The sources of the errors are not isolated.

These errors will probably be reduced as more experience in data reduc-

tion is gained and quality control procedures are improved.

SECTION I. INTRODUCTION

In the design and flight of vertically rising vehicles, the influence

of horizontal winds must be considered. There are numerous methods for

obtaining horizontal wind measurements. For the surface boundary layer,

there are several wind measuring instruments which are considered reli-

able. However, for higher altitudes (above approximately 300 meters) wind

measurements are harder to obtain and in many cases have larger errors.

Many methods have been and still are being used in an attempt to accurate-

ly measure the higher altitude winds. Some examples of these are the

smoke trail method, various balloon methods, dropsondes, etc. This report

presents statistical information on the differences in the wind velocity

profiles as measured by the smoke trail method using different pairs of

cameras. These statistics presumably represent errors primarily in read-

ing position coordinates from the film since at one location two cameras

were used and the data reduced independently while other parameters did

not vary.

The smoke trail�photographic method for obtaining upper altitude wind

measurements seems to provide reasonably accurate wind data, but is re-

stricted to clear daytime conditions. The errors inherent in this method

have been discussed in a number of reports (Refs. I, 2, 3, and 4). Junkin's

report (Ref. 3) in particular discusses many error sources, and presents

an analytical method for determining the accuracy of the measured wind

data at discrete points on a given trail. It is not possible to compare

directly his results with those presented in this report. Junkin is pre-

sently extending his analysis to provide statistics of the errors which

will permit a direct comparison of the two methods.



The repeatability of a measuring system is related to its accuracy.

In this report, repeatability (or lack of it) of the measurements, as de-

termined from a comparison of the same wind profile measured from differ-

ent camera pairs, provides information on the relative accuracy of the

wind data. Discrete errors and error sources cannot be determined by the

method discussed in this report.

The data for this wind profile comparison and wind shear study were

obtained from four smoke trail tests made at Cape Kennedy, Florida, and

one made at Wallops Island, Virginia. The trails were produced by expel-

ling titanium tetrachloride into the atmosphere from a Nike Smoke Rocket.

Photographs were made of the smoke trails at fixed time intervals by T-II

precision aerial mapping cameras (Ref. 2). Using these photographs, wind

profile data were obtained by the procedure outlined in Reference 5.

For the wind data used in this report, two camera sites were used at

Williams-Point to photograph the smoke trail. These sites, used in con-

junction with the site at Patrick Air Force Base, Florida, make it possible

for two wind profiles to be obtained for the same smoke trail by using

different camera pairs. An indication of the repeatability and relative

accuracy of the smoke trail method can be gained by comparing the wind

profiles obtained from these sites. The smoke trail test from Wallops

Island was from only one pair of cameras, but comparator readings were

obtained by two different operators. This test provides information on

the relative errors from reading position coordinates from film.

Although this report was originally prepared in the fall of 1964,

publication was delayed in the interest of continuing the mutual exchange

and critique of information concerning the smoke trail program. A great

deal of agreement now exists among the participants in this program, but

complete agreement on certain features of the trails (loops, superposition

of elongated segments of the trails, etc.) and the accuracy of the wind

profile data obtained for these cases has not yet been reached. Reference

6 and Section II of this report show some of the areas of agreement between

Langley Research Center and Aero-Astrodynamics Laboratory, Marshall Space

Flight Center.

SECTION II. A DISCUSSION OF THE STATISTICAL METHODS

USED AND RESULTS OBTAINED

The differences in the wind speed profiles were computed using

_U = U 1 - U2

_V = vI - ue

_v= vl - v_ (i)

where u is the zonal wind speed component, v is the meridional component,

and V is the scalar wind speed. In computing differences the algebraic

sign is maintained. The subscripts i and 2 denote the camera pair,



Williams-Point North/Patrick Air Force Base (WPN/PAFB)and Williams-Point
South/Patrick Air Force Base (WPs/PAFB), respectively. The subscripts
will also denote readers 1 and 2, respectively, for the Wallops Island
test.

The standard deviation of the differences _Dwas computedby

(JD)x = (_- _e)½ (2)

where the x's represent either u, v, or V. The standard deviation of the
differences for independent observations can be represented by (Ref. 7)

(_D)x = (_I_ + _)½ (3)

where oi s and o_are the variances of the profiles from WPN/PAFB and WPs/
PAFB, respectively. It is logical to assume that the two profiles have

the same precision; thus,

(OD)£ = 2o_ (4)

or

= 0.707 (cD)x , (5)

where o is the root mean square (RMS) error associated with either profile.

Arithmetic means of the differences between profiles, standard devi-

ations of the differences, extreme differences, RMS errors in wind speed,

and wind shear information for each profile studied are given in Tables

I through V. The tables show in general an increase with height in each

of these parameters. The arithmetic mean of the differences was computed

to determine whether or not there was a significant bias in the profiles;

for a zero arithmetic mean, the profiles are not biased relative to each

other. The means, presented in Tables I through V, are not zero, indicat-

ing that a bias is present. The reasons for the non-zero means are beyond

the scope of this report. It should be noted, however, that they are a

consequence of such things as the innate differences in the cameras,

survey error, comparator operator bias, etc.

SECTION III. COMPARISON OF SIMULTANEOUS SMOKE TRAIL

WIND PROFILE DATA

The profiles are compared in Figures 1 through 15. Figures i through

4 are the superimposed zonal wind speed profiles and their differences

from the two pairs of cameras, WPN/PAFB and WP$/PAFB. Figure 5 is the
superimposed zonal wind speed profiles and thelr differences for the

Wallops Island smoke trail for different comparator operators. The merid-

ional wind speed profiles and their differences are given in Figures 6

through i0; Figures ii through 15 are the scalar wind values and their

differences. Figures 6 through 15 correspond to Figures i through 5.



The standard deviations, extreme differences, and relative errors,
associated with the componentand scalar wind speed profiles increase with
height. This increase with height is shownin Figures I through 15 and
in Tables I through V. The variability is apparently not a function of

the mean wind speed.

The smoke trail test having the largest standard deviation is test

number 4019 (Table II). Also the variability in the profiles for this

test is fairly constant for the entire trail (Figures 2, 7, and 12 and

Table II). The converse of this is noticed in smoke trail test number

5233 (Figures 4, 9, and 14 and Table IV).

For smoke trail test LRC-9, all parameters were constant. Differ-

ences in these measurements are due primarily to film readings. In

Figures 5, i0, and 15, relatively large RMS errors occur in the wind

speed profiles between ii and 12 kilometers. A comparison of Table V

with Tabl_ I through IV shows that RMS errors for this test are larger

than some of those for the Cape Kennedy data where different camera pairs

were used. Thus, it may be concluded that the errors shown for the Cape

Kennedy data are due primarily to film reading.

In addition to the above, the results given in Table V can be compared

to those given in an unpublished LRC report (Ref. 6). This report and the

LRC report give the RMS errors obtained for smoke trail test LRC-9 in the

same time interval; thus, the comparison is direct. The LRC report gives

RMS errors of 0.2 and 0.4 for the zonal and meridional wind components,

respectively, for the altitude intervals of 5.0 to 9.0 km; whereas, in

Table V the corresponding values are 0.215 and 0.503. Further, for the

altitude interval of 9.0 to 13.0 km, the LRC report gives RMS errors of

0.6 and 0.7 as compared to 0.669 and 0.670 of this report for the zonal

and meridional wind components, respectively. No other direct comparison

of accuracy could be made between the reports. In general, however, the

two reports agree quite well with respect to RMS errors. An accuracy

comparison could not be made with other error analysis reports, such as

References I through 4 since they are concerned primarily with error

sources rather than error magnitudes.

The extreme differences (Tables I through V) between the wind speed

profiles given in this report but not in the LRC report are considered by

the authors to be as important, if not more so, than the RMS errors be-
cause of the effect which these extreme differences have on the wind shears

associated with a given smoke trail wind profile. If these extreme dif-

ferences could be reconciled and good wind data obtained at the points of

greatest interest (loops, etc.), then the smoke trail program would be

greatly improved.

SECTION IV. ERRORS IN WIND SHEAR DUE TO ERRORS

IN WIND SPEED

Wind shear is defined mathematically by

4



S x_ - xI.... (6)
x ha . hI '

where x represents either u, v, or V at the height h, and xlrepresents

these v_riables at hI. If the error in the altitude _ncrement is assumed

to be negligible, then the RMS error in wind shear _Sx , is approximated by

OSx - Ah (_D)x ' (7)

where Ah is h_ - hl, and (OD)x is defined by equation 2. The values of

OSx have been computed and tabulated (Tables I through V) for gh values

of 25, 50, i00 and 200 meters. The maximum differences in wind shear over

the above altitude increments have also been computed and are presented

in the tables. These maximum differences represent the maximum observed

differences in the wind speeds divided by the altitude increment over

which the differences occurred. Errors in the wind shear values are re-

latively large, and do not depend to any great extent on wind speed as

shown in Tables I through V. The magnitude of the maximum scalar wind

shear errors varies to approximately 60 percent of the magnitude of the

extreme vector wind shear values quoted for vehicle design studies (Refs.

8 and 9). In reality, errors presented in this report are low due to the

assumption of error free altitude measurements.

SECTION V. COMMENTS AND CONCLUSIONS

It has been shown in this report that the smoke trail procedure for

obtaining wind profile data is repeatable within limits. From the wind

profile data used in this report, no evidence was found of any persistent

relative bias in the mean wind speed profiles. There were, however, large

differences in the wind speed profiles in some cases. The largest stand-
ard deviation of these differences was found to be in excess of 1.0 meter

per second. The larger differences in the scalar wind speed profiles range

in magnitude up to 6.4 meters per second. No attempt was made to account

for these large differences. The errors in wind shear were shown to vary

to approximately 60 percent of the wind shear values used in design studies.

Relative RMS errors in wind speeds range from approximately 0.i to 0.7

meters per second.

It is emphasized that the magnitudes of the errors presented in this

report are based on a small sample of data. The magnitude of the errors

may decrease as more experience is gained in reducing the data and better

quality control procedures are developed. Direct comparisons of the re-

suits presented in this report with those in Junkin's report (Ref. 3) are

not possible and requires different interpretations.

Errors noted in the profiles used in this study may make a large con-

tribution to what might be classified as turbulence. With reference to a

steady state profile, similar to one measured by the GMD system, the vari-

ances of the errors in the smoke trail profiles discussed in this report

contributed on the order of i0 to 30 percent to the total variance. In

view of errors inherent in smoke trail measurements, the data must be used

with caution in evaluating the response of vehicles to small scale wind
variations.
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